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Abstract 
Sheet metal parts with bosses or small pins can be manufactured by sheet extrusion or half blanking with a negative clearance. 
The purpose of this study is to understand the forming behavior of the boss with a small punch/die diameter ratio. Two kinds of 
pure aluminum sheets of 2 mm thick were applied and a boss of 1mm in diameter was formed on the sheet. In the case without 
a blank holder, increase in a punch/die diameter ratio caused local thickening around the boss and the boss height became lower 
than that expected. By applying appropriate blank holding force, the boss height was rather improved, nevertheless it didn't 
reach the ideally calculated value. The error of the boss height became larger when increasing in a punch/die diameter ratio and 
when using the annealed material. 
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1. Introduction 
Small pin or shaft components are generally produced by multi stage forging, in which the small billet cut from 
a wire is transferred from stage to stage by means of a gripper. However, when scaling down this process, billets or 
semi-finished parts tend to stick to the transferring gripper due to small weight, which makes correct positioning 
difficult. The sheet extrusion process has a possibility to overcome this problem. A small pin is extruded on a sheet 
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metal in the first stage, formed into a desired shape in the following stages and blanked out in the last stage. In this 
method, handling of the pins or semi-finished parts is easy even in a small size since the pin components are 
connected with the sheet throughout the stages. Hirota (2007) conducted small pin forming on a disc specimen and 
showed that the height of pin was considerably affected by the blank guide conditions. Lim et al. (2010) 
demonstrated the progressive forming of micro-pins and revealed the effect of varying punch diameter to pin 
diameter on the pin height. Ghassemali et al. (2011) investigated the microstructure inside the pin based on the 
hardness and strain distributions. The same technique has been applied to more complicated shapes. Hirota et al. 
(2010) tried to form a stepped shaft on a disc specimen and reported the advantage of two step forming for a longer 
stepped part with a smaller load. Chan et al. (2013) formed a cylindrical and flanged part in three stages and 
showed that the dimensions and properties of the extruded parts were affected by the grain size as well as tool 
conditions. These researches have been aimed at producing small pin components from a sheet metal in a 
progressive die system, where a large punch/die diameter ratio and a deep punch penetration were adopted to make 
a long pin and the pin component was designed to be blanked out from the sheet at the final stage. This study 
focuses on the boss used as a part of sheet metal components for positioning or assembling another parts and boss 
forming with a small punch/die diameter ratio was conducted to clarify the forming characteristic at the transition 
range between extrusion and blanking. The experiments using pure aluminum sheets and numerical simulations 
were carried out and the effects of the punch/die diameter ratio, blank holding conditions and material ductility on 
the boss height were investigated. 
2. Experimental procedure 
Two kinds of pure aluminum sheets of 2 mm thick were used for the experiments, of which mechanical 
properties are shown in Table 1. The experimental setup is illustrated in Fig. 1. A boss of 1 mm in diameter was 
formed on the center of a square specimen (20 mm on a side). In this study, the punch/die diameter ratio Dp / Dd 
was varied as 1, 1.2 and 1.8 by changing the punch diameter. Both the target boss height and the maximum punch 
penetration were set to 1.5mm (75% of the sheet thickness) and achievement of the target boss height with a 
smaller punch penetration was aimed. Punch penetration 
was stopped before reaching the maximum value when the 
target boss height was obtained. In the case using the blank 
holder, the holding force was given by the coil springs. 
Before forming, a mineral base oil with a low viscosity was 
pasted on both sides of the specimen as a lubricant. 
Additionally, two dimensional finite element analysis was 
carried out by using the commercial software MSC Marc. 
The problem was modeled as axisymmetric and the sheet 
and the tools were supposed to be an elasto-plastic body 
and rigid bodies, respectively. Shear friction factor was set 
to 0.1 and adaptive remeshing techniques were applied to 
simulate the large deformation around the tool edges 
correctly. 
 
 
  Table 1. Mechanical properties of the materials tested. 
Material 
(JIS) 
Thickness 
(mm) 
Tensile strength 
 (MPa) 
Uniform elongation 
 (%) 
Total elongation 
 (%) 
Remark 
A1050-h24 2 122 1.6 6.7 Semi-hard 
A1050-O 2 106 35.4 45.5 Annealed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Dimensions of tools and specimen for boss forming. 
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3. Results and discussion 
3.1. Boss forming without blank holder 
The experiments without the blank holder were carried out varying the punch diameter. Figure 2 (a) shows the 
change of the boss height with the punch stroke for the semi hard aluminum (A1050-h24), in which the upper 
abscissa indicates the punch stroke as the percentage to the sheet thickness. The doted lines denote the ideal boss 
height hd* which is calculated assuming that all the volume displaced by punch penetration contributes to boss 
forming and given by 
 , (1) 
where Dp, Dd and hp are the punch diameter, die diameter and the depth of punch penetration, respectively. The 
numerical results by the solid lines agreed well with the experimental plots. The case of Dp / Dd  = 1 corresponds to 
half-blanking at zero clearance and the same height as the punch stroke should be obtained according to the Eq. (1). 
However, the measurements were smaller than the ideal values since the boss was hardly formed at the stroke less 
than 0.4 mm. This is because indenting of the punch occurs in the case of Dd  / t < 1 at the beginning of the stroke. 
When the Dp / Dd ratio becomes larger than 1, deformation shifts to the extrusion mode and a higher boss was 
obtained by using a larger diameter punch. However, a remarkable difference was found between the 
measurements and ideal values. As shown in Fig. 3, local thickening increases with increase in the Dp / Dd ratio, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) (b) 
Fig. 2. Variation of the boss height with punch stroke in case not using blank holder for (a) A1050-h24 and (b) A1050-O. 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) (b) (c) 
Fig.3. Cross section of boss at hp = 1.5 mm for A1050-h24: (a) Dp / Dd = 1, (b) Dp / Dd =1.2, (c) Dp / Dd = 1.8  
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which means that the metal flow towards the die hole decreases and the deviation from the ideal value increases. 
The results for the annealed aluminum (A1050-O) are shown in Fig. 2(b). Although the similar trend was observed, 
the increase in boss height was gentle and the boss height was slightly small compared with the results for A1050-
h24. It is seen from Fig. 2 that the target height was achieved within the permissible punch stroke only in the case 
of Dp / Dd = 1.8.  
3.2. Boss forming with blank holder  
In order to prevent local thickening around the boss, the experiments using the blank holder was carried out. 
The blank holding force required to prevent local thickening for each condition was estimated by simulation and 
applied in the experiments by adjusting the precompression of coil springs. The change of the boss height with 
punch stroke is shown in Fig. 4. The boss height for A1050-h24 increased linearly with punch stroke at hp > 0.5 
mm and the proportionality constant was almost same as that of ideal calculation independent of the Dp / Dd ratio. 
As a result, the boss height was rather improved compared with Fig. 2(a). Contrarily, the result for A1050-O (Fig. 
4 (b)) was almost the same as Fig. 2 (b) and improvement of the boss height wasn't achieved. Figure 5 compares 
the cross section of the boss at the same punch stroke. The boss of A1050-O exhibited a rounded top and much 
smaller height than that of A1050-h24 in spite of no local thickening. The reason is found in the difference in 
deformation zone as shown in Fig. 6; The high strain zone is mainly observed inside the boss in A1050-h24, which 
suggests that most of the material under the punch flowed into the die hole and contributed to boss forming, 
whereas the strained zone is extended outward around the die face in A1050-O and more material seems to flow 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) (b) 
Fig. 4. Variation of the boss height with punch stroke in case using blank holder for (a) A1050-h24 and (b) A1050-O. 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 (a) (b) 
Fig. 5. Cross section of boss at Dp / Dd = 1.8 and hp = 0.9 mm for (a) 
A1050-h24 and (b) A1050-O. 
 (a) (b) 
Fig. 6. Equivalent strain distribution at Dp / Dd = 1.8 and hp = 0.9 
mm for (a) A1050-h24 and (b) A1050-O. 
Equivalent 
plastic strain 1.0 
0.5 
0 
1mm 
0
1
2
3
4
5
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Punch stroke 䚷hp  (mm)
Bo
ss
 h
ei
gh
t  
hd
 (m
m
)
0 20 40 60 80
Punch stroke 䚷hp  (%)
0
1
2
3
4
5
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Punch stroke 䚷hp  (mm)
Bo
ss
 h
ei
gh
t  
hd
 (m
m
)
0 20 40 60 80
Punch stroke 䚷hp  (%)
Target height 
 
Dp /Dd 1 1.2 1.8 
Ideal    
FEM    
Exp.    
 
 
 
p 
Target height h
d 
p 
h d
 
  
399 Kenji Hirota and Kota Michitsuji /  Procedia Engineering  81 ( 2014 )  395 – 400 
inside the sheet, causing decrease in the boss height. 
Improvement in the boss height means that the target height is obtained with a smaller punch stroke, which is 
advantageous for the strength of the connecting portion between the boss and sheet. In comparison at Dp/Dd=1.8, 
the punch stroke required for the target height was greatly reduced (from 1.5 mm to 0.9 mm) for A1050-h24 by 
using the blank holder, whereas the reduction of that for A1050-O was small (from 1.4 mm to 1.3 mm).  
3.3. Efficiency of boss forming 
As seen in Fig. 5, the boss height doesn't agree with the ideal value in spite of no local thickening and differs 
depending on the Dp / Dd ratio and the materials. For evaluating the deviation from the ideal height, the forming 
efficiency Ș was defined by the following equation 
  , (2) 
where Vb and Vp are the volume of the boss and that displaced by the punch, respectively. The relationship 
between the Dp / Dd ratio and the forming efficiency at the maximum punch penetration (hp = 1.5 mm) was 
calculated from the numerical results as shown in Fig. 7. The forming efficiency decreased linearly with the Dp / 
Dd ratio and the efficiency at the same Dp / Dd ratio was lower in A1050-O than in A1050-h24. The efficiency for 
A1050-O decreased to reach the minimum value of 0.36 at Dp / Dd  = 1.8 even with the blank holder, which was as 
low as a half of that for A1050-h24. Improvement in the efficiency by using the blank holder was observed at a 
larger Dp / Dd ratio in A1050-h24. Decrease in Ș means that the deviation from the ideal height increases and more 
volume flows not into the die hole but into the sheet. The difference in Ș between two materials in Fig. 7 is related 
to the broadness of the deformation zone in Fig. 6.  
The forming efficiency was also affected by the punch stroke. Figure 8 shows the numerical estimation of Ș for 
the different combinations of Dp / Dd and hp (mm) in the case with the blank holder for A1050-h24. The efficiency 
increased rapidly in the early stroke and turned to a gradual increase at the stroke greater than 0.75 mm. This graph 
gives the efficiency for an arbitrary combination of Dp / Dd and hp, and the boss height can be estimated by 
substituting it into Eq. (2).  
4. Conclusion 
Boss forming by sheet extrusion process with a small punch/die diameter ratio was conducted and the effect of 
the blank holding condition and material ductility on the boss height was investigated. Boss height was increased 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Change of the efficiency of boss forming with punch/die diameter ratio at 
hp = 1.5 mm (Numerical results). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Dependency of punch/die diameter ratio and punch 
stroke on efficiency of boss forming (Numerical results for 
A1050-h24 with the blank holder). 
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with increasing the punch penetration and the punch/die diameter ratio. However in the case without using the 
blank holder, increase in the punch/die diameter ratio caused local thickening around the boss and the boss height 
became quite lower than the ideal value. Local thickening was prevented by applying the appropriate blank holding 
force and the boss height became close to the ideal value for the semi-hard aluminum, which means that the target 
boss height was achieved with a smaller punch penetration. It was found from the strain distribution that the 
annealed aluminum caused more material flow inside the sheet even with the blank holder and the boss height 
became much smaller compared with the semi hard aluminum. 
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